Triple-pomeron dynamics: valence vs. glue 
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Three pomerons are known to couple via the gluon loop and interactions of this kind which are responsible 
for high-mass diffraction are described in terms of the gluonic structure function of the QCD pomeron. We show 
that the triple-pomeron coupling via the light quark loop associated with the "valence" in the pomeron is of 
the same strength as the purely gluonic coupling. The large behavior of this new contribution is described 
by the DLLA evolution from the non-perturbative // valence state of the pomeron. Numerical estimates of the 
high-mass diffraction structure functions based on the consistent account of both couplings are in good agreement 
with experimental data. 



In this communication we discuss the new 
triple-pomeron ^ contribution to the high-mass 
diffractive deep inelastic scattering (DIS) which 
comes from excitation of the {qq){ff) Fock states 
of the photon, 

1*+P^{qq){ff)+P (1) 

where q and / are the light quarks Com- 
pared to the purely gluonic triple pomeron inter- 
actions which scale is determined by the correla- 
tion radius of non-perturbative gluons, Rc 0.25 
fermi |3] , the //-pair in the quark loop connectig 
pomerons has a large non-perturbative size, — 
1/m/ ~ 1 fermi, and enters the evolution of sea of 
the pomeron in precisely the same way as the va- 
lence quark density enters the evolution of the sea 
of nucleons. We demonstrate that such a pQCD 
evolution holds at least to the DLLA accuracy. 
We show that although the {qq)(,f,f) contribution 
is of higher order in pQCD coupling as it is en- 
hanced by a potentially large numerical factor, 
oc [a{rf)/a{Rc)]'^, where cr(r) ~ is the color 
dipole cross section, and numerically it is compa- 
rable to the leading order gluonic triple-pomeron 
term. 

The process (QJ represents the first step of 
(5^)-evolution of the diffractive structure func- 
tion from the // "valence" quark component of 
the pomeron. Its space-time picture in the lab. 
reference frame is as follows. The high-energy 

^for definitions and early analysis see 



photon converts into the colorless qq pair at large 
distances upstream the target. The qq dipole 
with transverse separation r acts like a source 
of gluons. Emitted gluon has a transverse co- 
ordinate p and the momentum fraction Zg which 
are distributed in accord with the wave function 
of the qqg state 0]. This gluon has a virtual- 
ity ~ —K^ and in its turn converts into the 
pair of quarks // of size R. To isolate the lead- 
ing terms of the 4-parton interaction cross sec- 
tion one has to look into the impact parameter 
structure of the diffractive {qq){ff) state. The 
analysis of ref.0 shows that the effective size 
of the quark-anti-quark component of the pho- 
ton is generally process-dependent. In particular, 
the proton structure function F2p{x,Q^) in the 
scaling limit is dominated by the small-size (qq)- 
fluctuations, ~ The case of the diffrac- 

tion dissociation (DD) of the photon is quite dif- 
ferent. The qq fluctuations of the size are 
altogether negligible and the DD structure func- 
tion is dominated by the qq states of the largest 
possible size R ~ l/niq ^ 1 fermi. Thus, there 
are two different scattering regimes and two very 
different scales. Both of them are important for 
the process where the two quark pairs, qq and 
//, are in the regimes of inclusive DIS and DD, 
respectively. As we are interested in the large 
mass excitations, JVP oc Q'^/zg, the Sudakov vari- 
able for the gluon is <C 1. If so, the small 
size gg-dipole and radiated gluon g are separated 
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from the origin (which is fixed by the projectile 
photon) by the distances Zgp and (1 — Zg)p, re- 
spectively. The ff-pair produced by the gluon 
with virtuality > is in the DD regime 
and, as such, is very asymmetric. Its Sudakov 
variable is a < m?j/K^. Two conclusions can be 
drawn immediately. First, the size of ff-pair is 
large, R ~ 1/mf, and, second, the /-(anti)quark 
is separated from the origin by the large distance 



/k ), while the other (anti)quark 



goes along the parent gluon with small separation 
~ Rmj/K^. Hence, the DLLA ordering of sizes 
1^ which vary along the partonic ladder from very 
large R ~ 1/to/ in the bottom //-cell of the lad- 
der down to very small r ~ ^l\fQ^ in the top, 
qq- cell. 



r ^ p^R. 



(2) 



As a result the 4-parton system {qq){f f) acts like 
a triplet-anti-triplet dipole of size R 1 /m / 1 
fermi and as such has large interaction cross sec- 
tion '^{qq)[ff) — <y{R)- The distribution of // 
color dipoles in the gluon of transverse momen- 
tum K, is identical to that in the photon subject 

Tpas{K?) and 
so that the diffractive cross section of 



to the substitutions NcOtemCf 
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interest equals 
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(//|a2(a;ip,R)|//), (3) 



where the flux of gluons in the parent qq state is 



S^ll^=j\zgJ d^r\^,.iQ^,Zq,r)\ 



2egCFas{r^) [1 - exp(zKr)] 



(^2+^2^)2 



k\ (4) 



Finally, notice that 



{f f 11)1 ff) 



-<-em 
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da(7*(K2) ff) 



dt 



^ df3 



ffj{t^Q,xjp,p,H?)^Nff{xjp,H?) (5) 



where NYj{xjp^k?) can be reinterpreted as a 
number of charged valence partons, i.e., twice the 
number of // dipoles, in the pomeron. Upon the 
substitution of © and I^J into Q one readily 
recovers the dipole representation 



(Q2 + Af 2) 



df^qqg 



dtdM^ 



{qq\a^{xTP,r)\qq) , (6) 



t=0 



which a {xsp , r) 



IS 



evaluated for 



the unintegrated gluon structure function 
evolved from the // state of the pomeron 
Tfj{l3,K?) = {CFas/Ti)Njj{xjp,K?). Further- 
more, NYj{x-sp,k?) vanishes at = and, 

according to [HI, flattens at k? » m^. The 
DLLA analysis of qqgi...gn excitation developed 
in 131 can readily be extended to the higher, 
(99)5i--5n(//), states. The numerical results for 
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Figure 1. The comparison with the experimental 
data on small-/?, small-xip diffractive structure 
function ([7], full circles; [S], full triangle) of the 
theoretical evaluation of f^^^^ = f^qf^ + f(^l)lff) 
shown by the solid line. The dotted line corre- 
sponds to f^q^g ^ and the dashed line represents 
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high-mass, small-/?, diffraction depend on the 
input dipole cross section a{x,r). Here we eval- 
uate the lowest order qqg |3 and {qq){ff) [21 
contributions to diffractive DIS 



/^(4)(t = 0,xn>,/3,Q2) 
x(Q2 + m2) 



dtdM^ 



(7) 



in a specific color dipole BFKL model 9 which 
gives a good description of the proton struc- 
ture function data. The applicability domain 
of the small-/?, small-xip formalism is (3, xjp < 
xo ^ 1, the experience with inclusive DIS sug- 
gests xo ~ 0.03, although the theoretical curves 
in fig. 1 are stretched up to xjp — 0.1. This 
small-/?, small-xip domain is almost at the bound- 
ary of the HERA experiments, the correspond- 
ing experimental data on the t-integrated diffrac- 
tive structure function /^'^' (a;]p, /?, Q^) from HI 
([7], circles) and ZEUS ([S], triangles) are shown 
in fig. 1. We evaluate this structure function 
as Q2) ^ Jdtfi'(*\t,xjp,P,Q^) « 

-!—fD{4) ^ 0, XTP,P, Q2) with the central value 
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of the diffraction slope Bjp ^ Bd = 7.2 ± I. l 
GeV-2 as reported by ZEUS (TUI. The ap- 
parent growth of the experimentally observed 
/^(•^)(xip, /?, Q^) towards large xjp ^ 0.1 is usu- 
ally attributed to the non-vacuum admixture to 
the pomeron exchange. Two features of the theo- 
retical results for small-/? diffraction are notewor- 
thy. First, the contributions from qqg and higher- 
order {qq){f f) states are of comparable magni- 
tude because Rc <^rf and the latter is enhanced 
oc [<j{xjp,rf)/a{x-sp,Rc)Y. Second, because of 
the same inequality of the important dipole sizes, 
Rc ^ the xip-dependence of the qqg exci- 
tation is steeper than that of the {qq){ff) ex- 
citation, the numerically significant contribution 
from the {qq){f f) excitation makes the overall 
XiP -dependence of f'^'-^^xjp,P,Q^) weaker than 
evaluated in for the pure qqg excitation. The solid 
curve in fig. 1 is the combined contribution from 
the two mechanisms. It is in reasonable agree- 
ment with the HERA data. 
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